Accumulating evidence supports a role for the activation of proteolytic enzymes, caspases, in the Alzheimer's disease (AD) brain. Neurons committed to apoptosis may do so through a mitochondrial pathway employing caspase-9 or through an alternative, receptor-mediated pathway involving caspase-8. Considering the role of mitochondrial dysfunction in AD, we examined the possible activation of caspase-9 in the AD brain using an antibody that recognizes the active fragments of caspase-9, but not the full-length proform of the enzyme. In vivo immunohistochemical analysis demonstrated little caspase-9 activation in the majority of hippocampal brain sections from control brains. However, labeling of neurons as well as dystrophic neurites within plaque regions was observed in all AD hippocampal brain sections examined. In addition, active caspase-9 was colocalized with active caspase-8 and the accumulation of caspase-3-cleavage products of fodrin. The activation of caspase-9 was also observed in neurons positive for oxidative damage to DNA/RNA. A quantitative analysis indicates that as the number of neurons containing neurofibrillary tangles (NFTs) increases, the extent of caspase-9 activation decreases, supporting the idea that caspase-9 activation may precede NFT formation. In addition, a site-directed caspase-cleavage antibody was designed to the amino-terminal caspase-3 consensus cleavage site located in tau, and shown to be an effective marker for caspase-cleaved fragments of tau in vitro. Analysis with this antibody using age-matched control or AD brain sections demonstrated no staining in control brains while widespread labeling of NFTs, neuropil threads, and dystrophic neurites was observed in AD sections. Taken together, these results demonstrate the activation of caspases and cleavage of tau in the AD brain, events which may precede and lead to the formation of NFTs. © 2002 Elsevier Science (USA)
INTRODUCTION
One mechanism responsible for the extensive neuronal cell loss associated with Alzheimer's disease (AD) may be the activation of apoptotic pathways (Marx, 2001) . Apoptosis is a highly conserved form of cell death that is characterized by chromatin condensation, nuclear fragmentation, cytoplasmic membrane blebbing, and cell shrinkage (Kerr et al., 1972) . Critical to the execution of apoptosis is a family of aspartate proteases, known as caspases, that are activated from procaspases to their active form by proteolysis (Thornberry & Lazebnik, 1998) . Caspases can serve both as initial transducers of apoptotic stimuli and also as final executioners of death. Two major pathways of apoptosis have been characterized: the death-receptor pathway in which caspase-8 plays a pivotal role and the mitochondrial pathway involving oxidative damage and activation of caspase-9 (Ashkenazi & Dixit, 1999). In both pathways, caspase-8 and -9, respectively, act as initiator caspases leading to downstream activation of executioner caspases, particularly caspase-3.
Several recent studies have employed caspasecleavage site-directed antibodies as specific probes for apoptosis and demonstrated the activation of apopto-
